Wind speed is one the most important parameter of wind energy. However, the probability density functions (pdfs) are usually used to describe the characteristics of wind speed. In literature, several pdfs have been investigated to justify the suitability of modeling the wind speed in different regions all over the world. Therefore, the choice of the pdf is very crucial. This paper, firstly find the estimates of the parameters of all probability distribution considered in this study to describe wind speed characteristics by using the maximum likelihood method and iterations were carried out with Newton-Raphson technique. Finally, the appropriate pdf for monthly maximum sustained wind speed at Coxs Bazar in Bangladesh is selected with the help of the KolmogorovCSmirnov statistic, the coefficient of determination (R 2 ), the Chi-square (χ 2 ) statistic, Root mean square error (RMSE), AIC and BIC. Here, results depict that, among the distributions considered in this study, the Skewed t (ST) distribution provides the best fit to the wind speed data.
Introduction
Wind is now the growing technology around the world. The developments in the area of wind power generation are very inspiring, mostly in the tropical regions of Asia and Australia [1] . In the remote farms in Australia, wind power generation can play an important role ( [2] ; [3] ). Wind is acting as fuel which is free as well as clean and it drives the turbine or used to opearte pumps for irrigation. So, wind is the renewable and substitute source of green energy [4] . The maximum sustained wind normally occurs at a distance from the center which is known as the radius of maximum wind before winds decrease at farther distances away from a tropical cyclone's center [5] . Most weather agencies use the definition for sustained winds recommended by the World Meteorological Organization (WMO), which postulates calculating wind speed at a height of 10 metres or 33 feets for 10 minutes, and then taking the average. Nevertheless, the United States National Weather Service describes the sustained winds inside tropical cyclones by taking the average of winds over a period of one minute at the same height i.e., 10 metres or 33 feets (Tropical Cyclone Weather Services Program, 2006) . This is an important distinction, as the value of the highest one-minute sustained wind is about 14 percent greater than a ten-minute sustained wind over the same period [6] . The probability density function (PDF) of wind speed is used in many meteorological, oceanographical, and climatological investigations. Wanninkhof [7] studied the exchange of gas at the ocean surface as a function of wind speed PDF. Justus et al. [8] use the wind speed distribution to study the intra-annual variation in wind speed across the United States. maximum sustained wind speed were collected for the selected meteorological station over the period January, 1982 to October, 2016. The location map is displayed in Figure 1 . 
Probability Distributions

Weibull (W) Distribution
The probability density function (PDF) of the Weibull distribution with two parameters is given by (Weibull [31] ):
where, k and c are the shape and scale parameters respectively.
Lognormal (LN) Distribution
Lognormal distribution is a probability distribution of a random variable whose logarithm is normally distributed. The probability density function (PDF) of the Lognormal distribution is given by (Johnson et al. [32] ):
78 PROBABILITY MODELING OF MONTHLY MAXIMUM SUSTAINED WIND SPEED where, µ and σ are the mean and standard deviation of the normal random variable ln(v) respectively.
Gamma (G) Distribution
Lancaster [33] quotes from Laplace [34] in which the latter obtains a Gamma distribution. The probability density function (PDF) of the gamma distribution is given by:
The parameters a and b are the shape and scale parameters respectively.
Generalized Gamma (3-P G) Distribution
The generalized gamma also known as three parameters gamma distribution is a continuous probability distribution with three parameters. For non-negative v , the probability density function of the generalized gamma is (Stacy [35] ):
; v > 0, a > 0, d > 0, p > 0
where, a and d are the scale and shape parameters respectively, p is the threshold and Γ(.) denotes the gamma function. [36] ). For, GEV the probability density function is given by:
Generalized Extreme Value (GEV) Distribution GEV distribution is a flexible model that combines the Gumbel, Frechet and Weibull maximum extreme value distributions (Ying and Pandey
where, µ ∈ R is the location parameter, σ > 0 the scale parameter and ξ ∈ R is the shape parameter.
Three Parameters Lognormal (3-P LN) Distribution
The lognormal distribution derives its name from the relationship that exists between random variables V and Y = ln(V − a). If Y is distributed normally(b, c) , then V is lognormal(a, b, c). Accordingly, the probability density function of V may be written as (Cohen and Whitten [37] ):
where, b and c are the location and shape parameters respectively and a is the threshold.
Skewed t (ST) Distribution
The Skewed t Distribution (STD) was suggested by Arellano-Valle and Azzalini [38] and the probability density function (pdf) is given as follows:
where, θ 0 and θ 1 are the location and scale parameters respectively, θ 2 and θ 3 are the degrees of freedom and shape parameters respectively and β is the beta function.
Generalized Skewed Logistic (GSL) Distribution
Perks [39] first introduced the generalized logistic distribution. Zeileis and Windberger [40] wrote a R Package 'glogis' for Fitting and Testing Generalized Logistic Distributions and they used the following probability density function (pdf) of the generalized skew logistic distribution:
where, µ, σ and γ are the location, scale and shape parameters respectively. [46] ). The KS test statistic is defined as D = max 1<i<n |F i −F i | where,F i is the predicted cumulative probability of the i th observation obtained with the theoretical cdf and F i is the empirical probability of the i th observation are obtained with the Cunnane [47] formula:
Goodness-of-fit Tests
.., n is the rank for ascending ordered observations.
R 2 Test
The R 2 is the coefficient of determination associated with the PCP probability plot which plots the theoretical cdf versus the empirical cumulative probabilities and is used widely for goodness-of-fit comparisons (Garcia, et al. [48] ; Celik [15] ; Akpinar and Akpinar [49] ; Li and Li [12] ; Ramirez and Carta [50] ; Carta, et al. [24] ; Morgan [51] ; Soukissian [52] ; Zhang, et al., [53] ) and hypothesis testing because it quantifies the correlation between the observed cumulative probabilities and the predicted cumulative probabilities of a distribution. A larger value of R 2 indicates a better fit of the model cumulative probabilitiesF to the observed cumulative probabilities
Chi-Square Error Test
Chi-Square test is used to assess whether the observed probability differs from the predicted probability (Auwera, et al., [54] ; Conradsen, et al., [55] ; Dorvlo [56] ; Akpinar and Akpinar [49] ;
Chang [17] ). The Chi-Square test statistic is defined as
, where,F i is the predicted cumulative probability of the i th observation obtained with the theoretical cdf.
Root Mean Squared Error (RMSE) Test
Root mean square error (RMSE) provides a term-by-term comparison of the actual deviation between observed probabilities and predicted probabilities. A lower value of RMSE indicates a better distribution function model. Root mean square error (RMSE) is defined as (Hossain, et al., [20] 
Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) Test The Akaike
Information Criterion (AIC) and Bayesian Information Criterion (BIC) are defined as AIC = e 
here,F i is the predicted cumulative probability of the i th observation obtained with the theoretical cdf, k is the number of estimated parameters and n is the number of observations. 80 PROBABILITY MODELING OF MONTHLY MAXIMUM SUSTAINED WIND SPEED
Results
The descriptive statistics of monthly maximum sustained wind speed for the selected station in this paper are presented in Table 1 . From the given table, it is observed that the minimum value of the monthly maximum sustained wind speed is 5.4 km/h which is observed in November however, the maximum value is 110.7 km/h and observed in August. Whereas the highest average of maximum sustained wind speed is 35.01 km/h with standard deviation 18.32 km/h and the lowest average of maximum sustained wind speed is 24.23 km/h having standard deviation 20.08 km/h. The parameters of all the PDFs considered in this study are estimated by using maximum likelihood method and estimated parameters of different PDFs considered in this paper for identifying the most suitable probability distribution are presented in Table 2 .
The statistical parameters for fitness evaluation of PDFs currently analyzed are presented in Table 3 . Considering K-S error, χ 2 error, RMSE, AIC and BIC we may conclude that the Weibull, lognormal, Gamma, three parameters Gamma, GSL, three parameters lognormal and GEV has large errors indicating their inadequacy in modeling monthly maximum wind speed for Coxs Bazar station whereas the higher value of R 2 and the lower values of K-S error, RMSE, chi square error, AIC and BIC indicate that Skewed t (ST) distribution is more accurate than other PDFs in modeling monthly maximum wind speed for Coxs Bazar station.
Several studies also performed a visual assessment of fitted pdfs. They have superimposed on the histograms of wind speed data (Nfaoui, et al., [57] ; Archer and Jacobson [58] ; Ulgen, K. and Hepbasli [59] ; Kose, et al., [60] ; Jaramillo, et al., [61] ; Chang [17] ; Chellali, et al., [62] ; Qin, et al., [45] ). The graphical comparison of different probability distribution considered in this study and the histogram of the observed monthly maximum wind speed of Coxs Bazar is presented in Figure 2 . Figure 2 depicts the frequency histograms and normal probability plot of wind speed and all the probability distribution have been employed in this study are superimposed in this plot. As seen from Figure 2 , Skewed t (ST) provided the best fit for the observed monthly maximum wind speed for Coxs Bazar station.
Conclusion
Actually, wind is a form of solar energy and is generated due to the rough heating of the atmosphere by the sun, the anomalies of the earths surface, and revolution of the earth. The earths terrains, bodies of water, vegetative cover are the factors used to modify the wind flow patterns. Wind energy is a very clean and environmentally renewable energy. Considering the wind speed characteristic it is believed that wind energy has a bright prospect and significantly towards the solution of energy crisis in Bangladesh. This paper suggest that the monthly maximum wind speed was fluctuated over the study period in every month. Considering K-S error, χ 2 error, R 2 , RMSE, AIC and BIC we may conclude that the Skewed t (ST) provided the best fit for the observed monthly maximum wind speed for Coxs Bazar station which will be helpful to characterize the main features of the maximum sustained wind speed at Coxs Bazar in Bangladesh. Also, the graphical comparison of different distributions shows the same result. This paper suggest to use the Skewed distribution to describe the characteristics of wind speed at Coxs Bazar which is also used to make decision in order to utilize the wind energy as an alternative energy source since it may offer many environmental as well as economical advantages compared to fossil fuels based energy sources polluting the lower layer atmosphere. Therefore, it is right time to explore and implement the wind energy technology without any further delay.
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